Perinatal hypoxia-ischemia remains a significant cause of neonatal mortality and neurodevelopmental disability. Numerous lines of evidence indicate that cerebral ischemic insults disrupt normal respiratory activity in mitochondria. Carnitine (3-hydroxy-4-N-trimethylammonium-butyrate) has an essential role in fatty acid transport in the mitochondrion and in modulating potentially toxic acyl-CoA levels in the mitochondrial matrix. There are no naturally occurring esterases available to reduce the accumulation of acyl-CoA but this process can be overcome by exogenous carnitine. We used a newborn rat model of perinatal hypoxia-ischemia to test the hypothesis that treatment with Lcarnitine would reduce the neuropathologic injury resulting from hypoxia-ischemia in the developing brain. We found that treatment with L-carnitine during hypoxia-ischemia reduces neurologic injury in the immature rat after both a 7-and 28-d recovery period. We saw no neuroprotective effect when L-carnitine was administered after hypoxia-ischemia. Treatment with D-carnitine resulted in an increase in mortality during hypoxia-ischemia. Carnitine is easy to administer, has low toxicity, and is routinely used in neonates as well as children with epilepsy, cardiomyopathy, and inborn errors of metabolism. L-Carnitine merits further investigation as a treatment modality for the asphyxiated newborn or as prophylaxis for the at-risk fetus or newborn. Hypoxic-ischemic injury in the developing brain is characterized by a cascade of cellular events that evolve for hours or days, a distinct clinical syndrome manifest as encephalopathy, a combination of ischemia superimposed on hypoxia, and specific regional brain vulnerability to injury (1-3). Cerebral ischemia in the adult (4) and hypoxia-ischemia in the newborn (5) disrupt mitochondrial function leading to a collapse in cell energy metabolism.
characterized method (19) of unilateral carotid ligation followed by hypoxia (20, 21) This age is approximately equivalent to the 34-wk gestation human infant (22) . Male and female Wistar rats at P7 were removed from the mother and anesthetized with halothane (3.5% for induction and 1.5% for maintenance) and 50% oxygen-balance nitrogen delivered via face mask. The right common carotid artery was identified and gently separated from the vagus nerve. The vessel was ligated with double 6-0 silk sutures to ensure cessation of blood flow. The entire procedure including time for the induction of anesthesia was completed in less than 6 min. After carotid ligation, the animals were allowed to recover in a warm environment for 15 min, then returned to the dam for a further 90 min at an ambient temperature of 21°C. Induction of hypoxia was performed in custom-built Plexiglas chambers based on published methods (23, 24) . The device comprises six interconnected Plexiglas chambers (440 mL) submerged in water warmed to 37.5°C. Each chamber received prewarmed, humidified hypoxia gas (8% oxygen-balance nitrogen) in a commercially calibrated preparation at a rate of 100 mL/min regulated by flowmeter. After 70 min of hypoxia, the pups were allowed to recover in room air for 15 min before being returned to the dam. Sham-operated animals underwent neck incision and vessel manipulation without ligation or hypoxia. This procedure produces selective brain injury in P7 rat pups in the hemisphere ipsilateral to the carotid occlusion. Hypoxia alone (control, contralateral hemisphere) does not result in any brain damage (19) .
Temperature recording. Cerebral temperature is a critical determinant of neurologic injury after ischemic brain injury (25) . We measured rectal temperatures in P7 rat pups subjected to hypoxia-ischemia and treated with L-carnitine or vehicle. A rodent rectal thermocouple probe (IT-18; Physitemp Instruments, Clifton, NJ, U.S.A.) was used to record temperatures at four times after carotid ligation: before hypoxia, at the conclusion of hypoxia, 1 h after the conclusion of hypoxia, and 2 h after the conclusion of hypoxia.
Drug administration. L-and D-Carnitine were obtained from Sigma Chemical Co (St. Louis, MO, U.S.A.). Carnitine isomers were dissolved in saline solution and pH adjusted to 7.4. Each salt was prepared as a 1.2 M solution and administered via i.p. injection at a dose of 16 mmol/kg. This dose has been shown to double the concentration of carnitine in rat brains 1 h after administration and nearly quadruple the concentration by 24 h (26). Five experimental groups of P7 rats were prepared. In group 1, animals underwent unilateral carotid ligation followed by a 1-h recovery period. L-Carnitine or vehicle was administered as a single i.p. injection 30 min before the induction of hypoxia. The animals were killed after a 7-d recovery period. In group 2, animals were treated as in group 1 but allowed to recover for 28 d. In group 3, L-carnitine or vehicle was administered 1 h after the conclusion of hypoxia-ischemia, then followed by a 1-wk recovery. In group 4, L-carnitine or vehicle was administered 4 h after the conclusion of hypoxia-ischemia, then followed by a 1-wk recovery period. To determine the pharmacologic specificity of any neuroprotective effect observed with L-carnitine, we also investigated the effect of D-carnitine on outcome after hypoxiaischemia. In these studies (group 5), D-carnitine (16 mmol/kg) or vehicle was administered after carotid ligation as a single i.p. injection 30 min before the induction of hypoxia.
Measurement of hemispheric weight. The comparison of disparities in hemispheric weight as a valid outcome measure of neurologic injury in the newborn rat has been demonstrated in studies correlating changes in hemispheric weight after hypoxiaischemia with other measures of brain injury (20, 23, 27, 28) . The contralateral (nonischemic) cerebral hemisphere is used as an internal control, the size of which is comparable to that of an age-matched brain not subjected to unilateral hypoxia-ischemia (29) . This method allows time for the reduction in the initial cerebral edema and the evolution of clearly detectable infarcts (30) .
Animals were killed after either 7 or 28 d of recovery from hypoxia-ischemia (P14 and P35, respectively). Animals were killed by halothane overdose, and the brain was removed and placed in chilled saline. The cerebellum, olfactory lobes, and hindbrain were removed, and the hemispheres were sectioned at the midline. Left and right hemispheric weights were obtained to the nearest 0.1-mg using a high-precision balance (Mettler Instruments, Mettler-Toledo, Inc., Columbus, OH, U.S.A.). Differences in weight between the hypoxic-ischemic and control contralateral hemisphere were calculated for each animal both directly and using the following formula: 
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where I represents the weight of the ipsilateral hemisphere and C is the weight of the contralateral hemisphere.
Tissue processing for immunofluorescence. Rats were deeply anesthetized, the descending aorta was clamped, and the animal was perfused through the left ventricle with PBS, pH 7.4, followed by 4% ice-cold paraformaldehyde (Electron Microscopy Sciences, Washington, PA, U.S.A.). Brains were removed and placed in paraformaldehyde containing 20% sucrose overnight at 4°C. After fixation, the tissue was dehydrated in graded alcohol solutions, cleared with xylene, and infiltrated with paraffin overnight. Sections were cut at a thickness of 10 m on a microtome. The anterior commissure was used as a landmark to match sections across experiments. To confirm that the protection from hypoxic-ischemic injury afforded by L-carnitine treatment was associated with a reduction in neuronal injury, four serial coronal sections posterior to the anterior commissure were examined from five animals without evidence of injury (as determined by hemisphere weight) after treatment with L-carnitine. This group was compared with identical coronal sections obtained from vehicletreated animals with evidence of brain injury shown by a reduction in ipsilateral hemisphere weight.
Immunofluorescence detection of dead neurons. The fluorescent marker FJ-B (Histo-Chem Inc, Jefferson AR, U.S.A.) was used to identify dead and degenerating neurons (31) in paraffin-embedded tissue sections using modifications of published techniques. The dye has an emission peak at 450 nm and an excitation peak at 530 nm. FJ-B fluorescence can be visualized using an FITC filter that results in a green emission color. Paraffin-embedded sections were washed three times in xylene followed by immersion in absolute and 95% alcohol. The deparaffinized tissue was then immersed in a solution containing 1% sodium hydroxide in 80% alcohol for 5 min, followed by two 1-min washes in 70% alcohol and distilled water. The slides were then transferred to a solution of 0.06% potassium permanganate for 10 min and gently agitated at room temperature. The FJ-B dye was applied as a freshly made (from stock solution) 0.0004% solution in 0.1% acetic acid. After 20 min in the staining solution, the slides were washed three times with distilled water, dried at 50°C for 15 min, and coverslipped with DPX mounting media (Sigma Chemical Co). To visualize both viable cells and degenerating neurons on the same section, the fluorescent Nissl counterstain 4',6-diamidino-2-phenylindole dihydrochloride (Sigma Chemical Co) was included (0.0002% concentration) in the FJ-B staining solution.
Blood gas analysis. Mixed arterial and venous blood samples after decapitation were analyzed using a portable blood gas analyzer (I-Stat; I-Stat Corporation, Windsor, NJ, U.S.A.). Samples were obtained at two times after carotid ligation: 30 min before hypoxia; and at the conclusion of hypoxia.
Data analysis. All data are expressed as mean Ϯ SEM. The degree of hypoxic-ischemic brain injury after treatment with Lor D-carnitine or saline was expressed as the percentage of reduction in the tissue weight of the hemisphere ipsilateral to carotid ligation. This was calculated as a ratio of the right (ipsilateral, ischemic) to the left (contralateral, nonischemic) hemispheric weights as described previously (23). Physiologic values and the percent reduction in hemispheric weights were compared by one-way ANOVA (StatView 5.0; SAS Institute, Cary, NC, U.S.A.). The Mann-Whitney test was used to determine significance for nonparametric data. Statistical significance was assumed when p Ͻ 0.05.
RESULTS
L-Carnitine treatment reduces neurologic injury after hypoxia-ischemia. Animals in group 1 (treatment with 16 mmol/kg L-carnitine 30 min before hypoxia) showed significantly less neurologic injury ( Fig. 2A) after a 7-d recovery period. Animals treated with vehicle showed a 20.9 Ϯ 2.6% (n ϭ 37) reduction (data expressed as mean percent hemisphere weight loss Ϯ SEM) in the weight of the injured hemisphere. In contrast, animals treated with L-carnitine before hypoxia showed a hemispheric weight reduction of 6.8 Ϯ 2.4% (n ϭ 30) which was significantly different from that measured in the vehicle-treated group (p Ͻ 0.05). The weight of the ischemic hemisphere in the vehicle-treated animals was 0.3072 Ϯ 0.0128 g compared with 0.3637 Ϯ 0.0097 g in the carnitinetreated animals (p Ͻ 0.05). There was no significant difference in the weight of the nonischemic (left) hemisphere between vehicle-treated (0.3857 Ϯ 0.0057 g) and carnitine-treated (0.3919 Ϯ 0.0064 g) animals.
L-Carnitine-mediated reduction in neurologic injury is sustained after 4 wk of recovery. We next sought to determine whether the neuroprotection afforded by L-carnitine treatment observed after 7-d recovery was sustained (Fig. 2B ) in a longer-term recovery model (group 2). We allowed these animals to recover for 28 d (to P35) and then quantified neurologic injury using hemispheric weight as the outcome measure as described above. Animals treated with vehicle showed a persistent reduction in ipsilateral hemisphere weight of 24.9 Ϯ 6.5% (n ϭ 15). The animals treated with L-carnitine before hypoxia showed a hemispheric weight reduction of 4.9 Ϯ 3.5% (n ϭ 9), which was again a significant difference from the vehicle-treated group (p Ͻ 0.05). The weight of the ischemic hemisphere in the vehicle-treated animals was 0.4171 Ϯ 0.0385 g compared with 0.5253 Ϯ 0.0165 g (p Ͻ 0.05) in the carnitine-treated animals. There was no significant difference in the weight of the nonischemic (left) hemisphere between vehicle-treated (0.5534 Ϯ 0.0099 g) and carnitine-treated (0.5560 Ϯ 0.0187 g) animals.
L-Carnitine treatment reduces neuronal death after hypoxia-ischemia. The fluorescent dye FJ-B (31) identifies dead neurons. We did not detect FJ-B labeled cells in either the cortex (Fig. 3B) or hippocampus (Fig. 3D ) of L-carnitine treated animals. In contrast, vehicle-treated animals showed FJ-B-positive neurons both in the cortex (Fig. 3A) and the hippocampal neuronal layer (Fig. 3C) .
L-Carnitine does not reduce neurologic injury when administered after hypoxia-ischemia. The effect of potential neuroprotective therapies is critically dependent on the timing of treatment with respect to the initial insult (32) . Therefore, we next examined whether L-carnitine reduced neurologic injury when administered 1 h (group 3) after the completion of hypoxia-ischemia on P7. The percent reduction in ipsilateral hemisphere weight in the L-carnitine-treated animals treated 690 Figure 2 . Percent reduction in ipsilateral hemisphere weight after 7-(A) and 28-(B) d recovery from hypoxia-ischemia on P7. A, L-carnitine confers protection from hypoxic-ischemic brain injury in newborn rat brain after 7-d recovery. The percent reduction in ipsilateral hemisphere weight in the carnitine-treatment group was 6.8 Ϯ 2.4% (n ϭ 30) compared with 20.9 Ϯ 2.6% in the vehicle-treated group (n ϭ 37). B, treatment with L-carnitine confers sustained protection after 28-d recovery from hypoxic-ischemic brain injury. The percent reduction in ipsilateral hemisphere weight in the carnitine-treatment group was 4.9 Ϯ 3.5% (n ϭ 9) compared with 24.9 Ϯ 6.5% in the vehicle-treated group (n ϭ 15). *p Ͻ 0.05, L-carnitine vs vehicle. 1 h after the completion of hypoxia-ischemia (Fig. 4A) showed no significant protection (28.1 Ϯ 3.5%; n ϭ 13) compared with the vehicle-treated animals (32.4 Ϯ 5.4%; n ϭ 10). The weight of the ischemic hemisphere in the vehicle-treated animals in group 3 was 0.2986 Ϯ 0.0187 g compared with 0.2653 Ϯ 0.0154 g in the carnitine-treated animals. When we further delayed L-carnitine treatment (group 4) until 4 h after ligation (Fig. 4B) , there was no protection. Hemispheric weight differences were 24.9 Ϯ 9.2% (n ϭ 5) and 32.9 Ϯ 8.5% (n ϭ 6) in vehicle and L-carnitine-treated pups, respectively. The weight of the ischemic hemisphere in the vehicle-treated animals in group 4 was 0.3142 Ϯ 0.0309 g compared with 0.2431 Ϯ 0.0304 g in the carnitine-treated animals.
L-Carnitine does not affect core temperature during hypoxia-ischemia. L-Carnitine did not affect the core temperature during hypoxia-ischemia on P7 (Table 1) with an ambient room temperature of 21°C. At the start of hypoxia (30 min after drug administration), core temperature was 32.00 Ϯ 0.19°C in the vehicle-treated animals (data expressed as mean Ϯ SEM). This was not significantly different from the temperature measured (31.77°Ϯ 0.16°C) in the L-carnitine-treated animals (n ϭ 35 per group). Core temperatures in the L-carnitine-treated animals 1 h Figure 4 . Treatment with L-carnitine 1 h (A) or 4 h (B) after the conclusion of hypoxia-ischemia does not reduce neurologic injury after 7-d recovery. A, percent reduction in ipsilateral hemisphere weight in the carnitine-treatment group was 28.1 Ϯ 3.5% (n ϭ 13) compared with 32.4 Ϯ 5.4% in the vehicle-treated group (n ϭ 10). B, percent reduction in ipsilateral hemisphere weight in the carnitine-treatment group was 32.9 Ϯ 8.5% (n ϭ 6) compared with 24.9 Ϯ 9.2% in the vehicle-treated group (n ϭ 5). Brain injury in the L-carnitine-treated animals was not significantly different from that measured in the control littermates injected with vehicle. Core temperature during hypoxia-ischemia is not different between L-carnitine-and vehicle-treated animals. Rectal temperature (°C) was measured using a rodent thermocouple probe before carotid ligation with an ambient room temperature of 21°C and at selected times thereafter in animals treated with vehicle or L-carnitine. There were no significant differences between vehicle and L-carnitine groups at each time. n ϭ at least 17 for each time. 
Table 1. Rectal temperature values after i.p. administration of L-carnitine or vehicle in P7 rats

Table 2. Blood gas analysis of mixed arterial and venous blood from P7 rats before and at the conclusion of hypoxia-ischemia
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after hypoxia-ischemia were 31.20°Ϯ 0.36°C (n ϭ 21) and 2 h after hypoxia-ischemia were 30.45°Ϯ 0.35°C (n ϭ 17). These values were not significantly different from those obtained in the vehicle-treated animals at 1 h (31.29°Ϯ 0.38°C; n ϭ 21) and 2 h (30.81°Ϯ 0.31°C; n ϭ 17) of recovery.
L-Carnitine does not affect blood gas values during hypoxia-ischemia. To determine the effect of treatment with L-carnitine on acid-base status during hypoxia-ischemia, we measured mixed venous blood gas values at different times during the procedure. We analyzed samples from animals treated with L-carnitine or vehicle after carotid ligation, 30 min before the start of hypoxia, and at the conclusion of 70 min of hypoxia ( Table 2) . The values in the L-carnitine-treated animals at the conclusion of hypoxia show a considerable metabolic acidosis (base deficit, 12.0 Ϯ 1.1 mM) and hyperventilation (PCO 2 , 19.7 Ϯ 1.0 mm Hg) at the end of the hypoxic exposure. There was no statistically significant difference at either point between the animals treated with L-carnitine and those treated with vehicle.
D-Carnitine increases mortality during hypoxia-ischemia. D-Carnitine treatment after carotid ligation resulted in a profound increase in mortality (Fig. 5) . Death occurred quickly. Of 21 P7 animals treated with D-carnitine 30 min before starting hypoxia, two died before the induction of hypoxia, 15 died during hypoxia, and only four survived to P14, representing a total mortality of 81%.
DISCUSSION
The principal finding of this study is the observation that L-carnitine significantly reduces the severity of pathologic injury resulting from hypoxia-ischemia in the immature rat. Treatment with 16 mmol/kg L-carnitine reduces the neuropathologic injury associated with hypoxia-ischemia whether observed after a 7-or 28-d recovery period. The same treatment does not reduce the severity of injury when administered either 1 or 4 h after the conclusion of hypoxia-ischemia. The protective effect of L-carnitine is not associated with changes in temperature or reduction of metabolic acidosis. The administration of D-carnitine during hypoxia-ischemia is associated with a significant acute increase in mortality.
Carnitine treatment may address the earliest irreversible events in a hypoxic-ischemic insult. We hypothesize that high acyl-CoA levels develop within mitochondria because the downstream metabolism of acyl-CoA is inhibited during ischemic or hypoxic-ischemic insults. The accumulation of acylCoA results in a metabolic conundrum from which the mitochondrion cannot recover. Such high acyl-CoA levels produce a feed-forward inhibition of their own metabolism and inhibit multiple other key enzymatic processes (6 -11) . We hypothesize that this conundrum may be the earliest and a cardinal irreversible event in ischemia. The capacity to reduce toxic levels of acyl-CoA esters within the compromised mitochondrion is dependent on carnitine acyltransferases and endogenous carnitine (Fig. 1) . This process for restoration of normal mitochondrial function appears normally limited by available carnitine. We hypothesize that the administration of exogenous carnitine during hypoxia-ischemia, as provided to our treated animals ( Fig. 2) , enables a reduction in the levels of excess mitochondrial acyl-CoA and thereby overcomes the acyl-CoAmediated blockade of normal mitochondrial metabolism. The relevance of this mechanism of carnitine rescue has been demonstrated in other experiments (33) documenting the relevance of carnitine in reducing intramitochondrial acyl-CoA esters and restoring oxidative phosphorylation.
The identification of energy failure within the mitochondrion as a valid treatment target in ischemic injury has substantial precedent (34, 35) . The significance of the finding that Lcarnitine affords neuroprotection in the newborn rat hypoxiaischemia model derives in part from the fact that carnitine may ameliorate pathologic events within the mitochondrion that occur early after hypoxia-ischemia. Damage during cerebral ischemia results from oxygen free radicals and nitric oxide and its metabolites (4, 5) . These are critical events in the pathways leading to cell death but occur subsequent to the mitochondrial processes restored by the administration of carnitine. Treatment strategies targeted solely at these later events have had limited success in human clinical trials, emphasizing the potential importance of therapies that address the early events in the disruption of mitochondrial functioning. These latter events would not be reversed by L-carnitine, but would have their own independent effect contributing to cerebral damage. This would explain the lack of protection afforded by the delayed (1 or 4 h after hypoxia-ischemia) administration of L-carnitine (Fig. 4) . Delayed treatments may need to use both L-carnitine and other neuroprotective agents.
In the asphyxiated newborn, magnetic resonance spectroscopy studies have shown impaired oxidative phosphorylation developing within 24 h after delivery and persisting for days 
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CARNITINE AND NEONATAL HYPOXIA-ISCHEMIA (36) , the magnitude of which is linearly related to the degree of later reduction in brain growth (37) . In the newborn rat model of hypoxia-ischemia, a similar pattern of early disruption of energy metabolism (38) , followed by a delayed, secondary decline (39), has also been described. Experimental and clinical evidence suggests that disruption in normal mitochondrial respiration is an early, pivotal event in cell death after cerebral ischemia.
Treatment with carnitine may be of particular significance to the term or preterm infant with brain injury. Our data show a profound acute increase in mortality associated with Dcarnitine administration in newborn rats undergoing hypoxiaischemia. This finding is in contrast to other studies in adult animals showing equal protective efficacy of L-and D-carnitine in decapitation injury (40) and ammonia-induced seizures (41) . The newborn infant may be at higher risk for the development of carnitine deficiency because of the immature development of carnitine biosynthetic pathways. Thus, in preterm infants who receive total parenteral nutrition, carnitine supplementation improves carnitine concentrations and nitrogen balance (42) as well as overall growth (43) .
There is precedent for the use of carnitine in the treatment of ischemic injury. In adult studies, administration of carnitine reduces myocardial injury after ischemia-reperfusion (44 -46) . Carnitine, or carnitine esters, has also been shown to benefit the ischemic heart in animal models (47) , including the neonatal heart (48), as well as in a clinical trial of patients with ischemic cardiomyopathy (49) . The protective effective of carnitine, or the short-chain ester acetyl-L-carnitine, has been demonstrated in spinal cord ischemia-reperfusion (50), transient focal (14, 51) and global cerebral ischemia (12) , ammonia-induced neurotoxicity (52) , and serum-deprivation-induced apoptotic neuronal death (53) . However, another study of focal cerebral ischemia in the rat failed to show any reduction in infarct volume after treatment with L-carnitine (12) . The use of Lcarnitine for the treatment of hypoxic-ischemic insult in the newborn human or animal has not previously been directly evaluated. In the immature rat, L-carnitine treatment reduces endogenous whole-brain platelet-activating factor levels, but does not affect changes in brain platelet-activating factor during hypoxia-ischemia (54) .
We hypothesize that L-carnitine reduces brain injury after hypoxia-ischemia by buffering toxic acyl-CoA esters and releasing critical metabolic processes from the inhibition produced by acyl-CoA (8 -11, 33) . Our finding that D-carnitine treatment is associated with a marked acute increase in mortality during hypoxia-ischemia provides indirect support for the importance of carnitine to cellular metabolism during ischemia and the sensitivity of the newborn to carnitine depletion. D-Carnitine reduces serum levels of L-carnitine (55) and can inhibit uptake of L-carnitine in heart (56), kidney (57) , and brain (58) . The increase in mortality during ischemia may, therefore, be associated with a reduction in the availability of L-carnitine. Total carnitine levels in a series of 25,644 premature and term neonates (59) were not correlated with either gestational age or birth weight, although birth weight below 2500 g and male sex were significantly associated with higher total carnitine levels. This study found an increase in the acylcarnitine-to-free carnitine ratio in the group of newborns with low total carnitine. This finding suggests that in the presence of lower total carnitine values, acyl-CoA levels are increased. Our hypothesis that low total carnitine provides less buffering for toxic acyl-CoA esters implies that that newborns with low total carnitine values may therefore be at greater risk for brain injury associated with hypoxia-ischemia.
CONCLUSIONS
Numerous studies have used the newborn rodent model to investigate the efficacy of potential neuroprotective therapeutic strategies (1) . With the exception of hypothermia (60, 61) and allopurinol (62) , the clinical application of these therapies in the treatment of the brain injury in the human newborn has been limited. Accordingly, there is a need for further therapeutic modalities for perinatal brain injury, which, alone or in combination with other therapies, are neuroprotective but have a low risk of adverse side effects in the asphyxiated newborn. Carnitine is easy to administer, has low toxicity, is routinely used in neonates, and may provide neuroprotection at one of the early, pivotal steps in the commitment to cell death. There is extensive pediatric clinical experience with carnitine in the management of epilepsy, inborn errors of metabolism, cardiomyopathy, and apnea of prematurity (15) (16) (17) (18) . L-Carnitine merits further investigation as a treatment modality for the asphyxiated newborn or as prophylaxis for the at-risk fetus or newborn.
